Purpose. To review outcomes of laminoplasty after anterior spinal fusion (ASF) in 8 patients with cervical spondylotic myelopathy (CSM). Methods. Records of 3 men and 5 women aged 49 to 80 (mean, 60) years who underwent laminoplasty after ASF for CSM were reviewed. Before and after ASF and laminoplasty, the causes of CSM, mechanical instability, the Pavlov Torg ratio, the numbers of levels of stenosis, myelomalacia, ASF, and laminoplasty, the modified Japanese Orthopaedic Association (JOA) score, and the Hirabayashi recovery rate were recorded in all the patients. Results. After ASF, the mean modified JOA score improved to 9.6 from 8.3 (p=0.05), with a mean Hirabayashi recovery rate of 12.5% at the 12-month follow-up. However, it deteriorated to 9 after a mean of 25 (range, 3-54) months follow-up. Indications for a secondary laminoplasty included inadequate decompression (n=5), progression of prolapsed discs (n=4), osteophytes (n=3), ossification of the posterior longitudinal ligament (n=1), and
INTRODUCTION
Surgical decompression using an anterior or posterior approach for severe or progressive cervical spondylotic myelopathy (CSM) has achieved goodto-excellent results. [1] [2] [3] [4] Laminoplasty is comparable to anterior spinal fusion (ASF) in terms of neurological improvement, functional status, and overall pain relief. 5, 6 After ASF, outcome may remain the same or even deteriorate in some patients, 7 because of inadequate decompression, permanent neurological damage, new cord compromise (as the disease progresses owing to prolapsed discs), osteophytes, ossification of the posterior longitudinal ligament (OPLL), and hypertrophy of the ligamentum flavum (HLF). Further decompression using laminoplasty may be indicated. We reviewed the clinical results of 8 patients who underwent laminoplasty after ASF for CSM.
MATERIALS AND METHODS
Records of 3 men and 5 women aged 49 to 80 (mean, 60) years who underwent laminoplasty (using the modified Kurokawa spinous process splitting method) 8 after ASF (using the Southwick and Robinson approach with autologous iliac crest bone grafting) for CSM between 1999 and 2008 were reviewed. Comorbidities included diabetes mellitus (n=2), hypertension (n=3), and benign prostate hypertrophy (n=1). No patients had a psychiatric illness or dementia or endured a cerebrovascular accident.
In all patients, radiographs and magnetic resonance images (MRIs) obtained before and after ASF and laminoplasty were reviewed ( Fig.) . The causes of CSM, mechanical instability, the Pavlov Torg ratio, the numbers of levels of stenosis, myelomalacia, and details pertaining to the ASF and laminoplasty were also recorded. 9 Stenosis was defined as spinal cord compromise at the level of disc or body. Cord compromise at 2 disc levels was considered as 2 stenosis levels. This definition also applied to measurement of the level of myelomalacia. The modified Japanese Orthopaedic Association (JOA) scores were evaluated by one observer to avoid inter-observer variability. The Hirabayashi recovery rate (%) 10 score) x 100. The paired sample 2-tailed t test was used. A p value of ≤0.05 was considered statistically significant.
RESULTS
All patients had a normal cervical lordosis except one; none was mechanically instable; all had cord signal changes and were continent. The causes of CSM included disc prolapse (n=6), osteophytes (n=3), OPLL (n=4) and HLF (n=1). The mean numbers of levels of stenosis and myelomalacia were 2.6 (range, 1-4) and 1.6 (range, 1-3), respectively. Patients 5, 6, and 8 had congenital cervical stenosis with a Pavlov Torg ratio of <0.8 (Table 1) .
After ASF, all patients achieved bony union. At the 12-month follow-up, the mean modified JOA score improved to 9.6 (standard deviation [SD], 1.8) from 8.3 (SD, 2.5) [p=0.05, paired sample t test, Table 2 ]. This improvement was not related to the preoperative Pavlov Torg ratio, or the presence of disc prolapse, osteophytes, OPLL, or HLF. The mean Hirabayashi
Patient
No. recovery rate was 12.5% (range, -20-40%) and was positive in patients 1, 2, 5, 6, and 8 (who had subjective feeling of neurological improvement). Patients 1 and 3 had a worse walking status; others remained unchanged (Table 3) . At a mean of 25 (range, 3-54) months of follow-up, the mean modified JOA score decreased to 9 from 9.6, with an absolute decrease in patients 1, 3, 5, and 8 ( Table 2 ). The MRI showed the same mean numbers of levels of stenosis and myelomalacia as pre-ASF. Indications for a secondary laminoplasty included inadequate decompression after ASF (n=5: 2 improved, 2 remained unchanged, and one deteriorated), progression of disc prolapse (n=4), osteophytes (n=3), OPLL (n=1), and HLF (n=4).
Pre-ASF
The mean interval between the ASF and laminoplasty was 30 (range, 14-55) months. The mean number of levels of laminoplasty was 4.5 (range, [4] [5] . The mean follow-up period after laminoplasty was 27 (range, 8-49) months. After laminoplasty, all patients had adequate spinal decompression with no cord compromise and neck pain or stiffness, despite the signal change remaining the same. Two patients improved, 2 deteriorated, and 3 remained unchanged with respect to walking status. The mean modified JOA score improved to 9.7 from 9 (p=0.38, paired sample t test); the mean Hirabayashi recovery rate was -1.5% and was positive in patients 1, 2, 3, 5, and 8. All patients had persistent myelomalacia, which was not reflected on the improved modified JOA score. No major complication occurred after ASF or laminoplasty.
DISCUSSION
The pathophysiology of CSM involves both mechanical and vascular factors. 12, 13 Anterolateral discectomy with interbody fusion is the procedure of choice for patients with single-level disc herniation causing anterior cord compromise without spinal canal stenosis. 14 Its use has extended to multiple-level CSM with good long-term results. 3, 15 In our series, ASF improved the Hirabayashi recovery rate by 12.5% at the one-year follow-up, compared to -1.5% after laminoplasty. Therefore, initial surgery (such as ASF) was more effective in relieving cord compromise and myelopathy. 16 Secondary laminoplasty did not enable recuperation from the detrimental effects to the cord, despite adequate decompression. 17 ASF merely decompressed (rather than enlarged) the spinal canal anteriorly, as the number of stenosis levels remained the same. Its complications include dislodgement or nonunion of bone grafts, donor-site morbidities, prolonged immobilisation, inadequate decompression for disc prolapse and OPLL and adjacent segment disease, and visceral complications related to the anterolateral approach. [18] [19] [20] Progression of the degenerative cervical spondylosis was inevitable, particularly in patients with congenital spinal stenosis. [21] [22] [23] In our series, the frequency of new HLF after ASF was relatively high. Initial surgery (such as ASF) is more effective in relieving cord compromise and myelopathy. Inadequate decompression and progression of disease may necessitate secondary laminoplasty, which conferred additional benefits that 5 of our 8 patients enjoyed despite persistence of myelomalacia.
The Kurokawa laminoplasty is superior to laminectomy. Although both achieve the same neurological improvement, laminoplasty has a lower rate of complications such as segmental instability, kyphosis, perineural adhesions, and late neurological deterioration. [23] [24] [25] [26] Although laminoplasty and ASF confer the risk of chronic neck pain and bone graft complication, respectively, both procedures achieve the same neurological improvement, 6 and can reliably arrest myelopathic progression in multiple cervical myelopathy and reduce pain. 5 In our series, cerebrospinal fluid was adequate to cushion the spinal cord in all patients after laminoplasty. Nonetheless, adequate cord decompression did not guarantee significant improvement in outcomes. The poor outcome after laminoplasty was due to spinal cord insult, which persisted without any MRI signal change. 27 Myelomalacia indicated a poor prognosis in patients with CSM.
Our retrospective study had limitations. The number of patients was small and results were inconclusive. Intra-observer errors in recording the modified JOA scores were inevitable. Prospective randomised controlled studies of matched CSM patients are needed to compare the treatment outcomes following conservative treatment, ASF, or laminoplasty.
